A frequently used method of comparing large RNA molecules employs the two-dimensional display of oligonucleotides generated through the action of specific RNases (oligonucleotide mapping, fingerprinting). Using computer simulations and simple analytic expressions the number of large RMase T1-resistant oligonucleotides obtained from random RNA sequences can be estimated. The computer simulations also permit estimation of the number of large oligonucleotides which remain unchanged as random variations are introduced into a random RNA sequence. In addition, computer analysis also provides a means of estimating statistical confidence limits to be used in a quantitative comparison of fingerprints of different RNA nolecules. The model shows that two RNA sequences which differ overall by 1%, 5* or 10% share, on average, only 85%, 50% or 25%, respectively, of their large oligonucleotides. Thus, the use of fingerprint analysis is recommended only when closely related RNAs or regions of RNAs are compared (sequence homology greater than 90%).
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The PARENT sequence was then pseudo-mutated BO that in a defined number (variation frequency) of randomly chosen positions, the base was randomly substituted by one of the other three bases. The resulting sequence was considered a PROGENY sequence. ' The PROGENY sequence was then subjected to pseudo-RHase T1-digestion and the resulting LTOs compared with the parental LTOs. By generating a varying number of pseudo-mutations, ten PROGENY sequences were obtained for each of 12 PARENT sequences.
The results are presented as the percent of the total number of LTOs which were identical between each PARENT and its respective PROGENY sequences; e.g., if there were 35 parental LTOs and 34 progeny LTOs and 33 were identical in the two sets, then 33/(35+341/2 x 100 -95.6% of the LTOs were considered cannon to both RNAs. Isomeric LTOs from different regions of the PNA nolecule were not considered to be common, because of the unpredictable effects of secondary structure and charge on mobility in different fingerprinting systems (3) .
The expressions predicting the number and mean length of oligonucleotides are derived in the following way. In general, oligonucleotides of a given length, i, are generated by RNase T1 cleavage of the sequence where N represents non-G bases. If the probabilities of G and non-G bases occurring at any position equal g and 1-g, respectively, then the probability of obtaining an oligonucleotlde of length i upon RNase T1 digestion of a random polynucleotide is equal to g.(1-g)i~^.g and the number of such ollgonucleotides. Hi, is given in equation (1) where L is the total number of
residues in the linear polynucleotide. The total nunber, TO^, of RHase T1-produced oligonucleotides of length greater than or equal to i is given
Combining these two eauations it can be seen that for large linear polynucleotides the nean length of the Rllase T1-generated oligonucleotides is independent of the length of the polynucleotide (equation 3).
(3) mean oligonucleotide length = 5.Mi"i / 5-
For a random sequence the values of g and 1-g are given by the overall cooposition. 
RESULTS AND DISCUSSION
Dependence of the nunber of large oligonucleotides on RNA composition and length:
In one representative example, in which we defined the length to be 1760 nucleotldes and the composition, with respect to G, A, C, and U, to be 22, 24, 26, and 28% respectively, we computer-generated a specific sequence. This sequence was subjected to pseudo-RNase Ti-digestion. Thirty-five LTOs (G-terrainal oligonucleotides with i greater than than 10) were obtained with the size distribution Bhown in Figure 1 We then examined the effect of varying the number of RKase T1 cleavage sites on the number of LTOs generated. This was accomplished by varying the composition with respect to G. The composition with respect to A and C was kept constant and the composition with respect to U was adjusted to compensate for the changes in G. The length of the sequence was kept constant. As can be seen in Figure 2 , the average number of LTOs decreases with increasing G content in agreement with equation 2. The fluctuations around the mean arise from the statistical variation introduced by the particular sequences generated. The fraction of the total sequence contained in the LTOs decreases with an increase in the number of cleavage sites, as does the fraction of the total number of G residues contained in LTOs (Table 1 ). The average length of the LTOs did not seem to change dramatically as a function of G content (not shown).
Analysis of the effect of polynucleotide length on the number of LTOs, over the range tested (900-4000 nucleotides), indicated that, as expected from equation 2, the number of LTOs increases linearly ( Figure 3 ) with increasing polynucleotide length (given constant composition). This data might be useful in estimating the molecular weight of an unknown P.NA if the Table 1 Properties The data was generated SB described in Figure 2 . ++ mean value. * mean •+ standard deviation.
oligonucleotide map and the nucleotide composition are available.
Number of identical large oligonucleotides as a function of degree of relatednesa of two RNAs:
The PARENT polynucleotide was subjected to pseudo-mutation by substitution (no deletions or insertions) at a defined overall frequency. At each randomly chosen position the original base was substituted with equal probability by one of the other three. The resulting PROGENY sequence was then subjected to pseudo-RNase T1-digestion and the resulting LTOs were compared with the PARENT LTOs. Oligonucleotides were considered to be in common only if their length, composition, and starting position were identical. (This is similar to, but less rigorous than, complete examination for sequence identity.) The number of oligonucleotides in common was normalized for the particular PAREHT-PROGENY pair as described in Methods.
For the RNA described in Figure 1 , the first two trials with a variation frequency of 0.187% resulted in progeny with the same number of LTOs, all of which were identical with the parental LTOs. The third trial resulted in a progeny sequence in which one fewer (only 3*1) LTOs was obtained. (Figure 4 ) at both high and low levels of variation is skewed so that the calculated standard deviations raay not be used for definitive statistical inference.
Since the computer introduction of nutations into sequences represents a random single-hit phenomenon we expected the percentage of LTOs common to PARENT and PROGENY sequences to bo described l>y the first tern of a Poisson series. The first term represents thoee oligonucleotides which have not undergone any changes. The dotted line in Figure 5 is based on the first term of the Poisson equation assuming an "average" oligonucleotide length of 14.5 which corresponds to the average LTO length for a random RNA of the length and composition described (sec above. Figure 1 ) and the process was repeated 10 times to yield a total of 120 trials for each level of variation. The vertical bars represent the number of trials in which the indicated percentage of LTOs were common to the PARENT and PROGENY. The numbers in the 10 panels indicate the levels of variation between the PARENT and the PROGENY RNAs.
curve obtained is in excellent agreement with the computer generated data using random sequences although 1) it neglects the effects of multiple mutations in one oligonucleotide and 2) we have used a simple average oligonucleotide length rather than a more detailed calculation based on the length of each oligonucleotide in an actual distribution of LTOs. in which the LTO length is 14.5 nucleotides. This term should account for those oligonucleotides which remain common to two related RNAs in which random variations occur throughout the whole molecule.
could occur with a p > 0.05 for RNAs which differ by as nuch as 2.6* or as little as 0.8% ( Figure 5 ). Furthermore, this calculation assumes that mutations are random and that the distribution of C residues is random in the RHAs.
Although this data was generated for polyribonucleotides subjected to pseudo-digestion with RNase T1, the results are general for fingerprint analyses using any specific nuclease. In fact, providing that comparable assumptions about specificity of hydrolysis and resolution of the cleaved species are made, the results obtained here also should be applicable to fingerprinting of DHA (9) or proteins.
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